REMARKS 

In view of the above amendments and following remarks, reconsideration and 
further examination are requested. 

The specification and abstract have been reviewed and revised to make editorial 
changes thereto and generally improve the form thereof, and a substitute specification and 
abstract are provided. No new matter has been added by the substitute specification and 
abstract. Also, enclosed is a "markecT-up" copy of the original specification and abstract 
to show changes that have been incorporated into the substitute specification and abstract. 
The attached pages are captioned "Version With Markings To Show Changes Made. " 

In view of the objections to the drawings as expressed in section 4 on pages 2-3 of 
the Office Action, provided herewith are new Figures 12 and 1 3 which show the features 
identifeid by the Examiner, and do not introduce new matter. 

With regard to the Examiner's 35 U.S.C. 112, second paragraph, rejection, please 
note that claims 1-20 have been replaced by new claims 21-45. New claims 21-45 have 
been drafted taking into account the 35 U.S.C. 1 12, second paragraph, issues raised by 
the Examiner, are believed to be free of these issues, and are otherwise believed to be in 
compliance with 35 U.S.C. 112, second paragraph. 

The indication that claims 6, 9, 13, and 16-18 contain allowable subject matter is 
greatly appreciated; however, these claims have not been rewritten in independent form 
because for reasons to follow it is believed that each of independent claims 21 and 32 are 
allowable over the references cited by the Examiner. 

The instant invention pertains to a method for determining a type and approximate 
shapjej)f^n orcurre^ associated with a semiconductor wafer. 

Determination of the type and approximate shape is based on Applicants' finding that 
scattering or reflecting of light exhibits specific features with regard tojypej^and shapes 
of defec ts or p articles in or on a semiconductor wafer. With the present invention it is 
possible to distinguish between concave ^ shape s having different radii of curvature, 
between corjyex jhape s having different, radii of curvature, or between a concave shape 
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and a convex shape having different radii of curvature. Claims 21 and 32 are believed to 
be representative of the invention. 

The Examiner rejected claims 1-5, 7, 8, 10-12, 14, 15, 19 and 20 under 35 U.S.C. 
102(b) as being anticipated by Fossey et al. This rejection is respectfully traversed and 
Fossey et al. is not applicable with regard to the newly added claims for the following 
reasons. 

Claim 21 recites a method for inspecting a semiconductor wafer surface, which 
method comprises scanning a semiconductor wafer with a laser beam, detecting at least 
one of scattered and reflected light from a surface of the semiconductor wafer by multiple 
light optics, and 

determining a !y_ge and a pproximate shape of an 
occu rrence associated with said semiconductor 
wafer based on a ratio of light intensities from 
said multiple light optics. 

Similarly, claim 32 recites a method for inspecting a semiconductor wafer surface, 

which method comprises scanning a semiconductor wafer with a laser beam, detecting at 

least one of scattered and reflected light from a surface of the semiconductor wafer by 

multiple light optics, and 

from a difference in standard particle conversion sizes of a 
light point defect based on a ratio of light intensities from said 
multiple light optics, calculating one of 

(i) a difference between a horizontal length and 
a vertical height of a light point defect present on a surface of 
said semiconductor wafer, and 

(ii) a difference between two orthogonal 
horizontal lengths of a light point defect present on a surface 
of said semiconductor wafer; and 

determining a type and approximate shape of an 
occurrence associated with said semiconductor wafer. 

Such methods are not disclosed or suggested by Fossey et al. 



In this regard, Fossey et al. discloses a surface inspection system and method for 
distinguishing between pits and particles on a surface of a workpiece. However, Fossey 
et al. is completely silent with regard to "determining an approximate shape" of these pits 
and particles. 

Accordingly, because Fossey etal. is not concerned with deterniining shapes of pits 
and[particles, as is the instant invention, the instant invention is completely different than 
that of Fossey et al. This difference is clearly established in each of the independent 
claims by reciting "determining.. .an app roximate shap e of a n occurrenc e". Thus, claims 
21 and 32 are not anticipated by or rendered obvious over Fossey et al. 

Furthermore, with regard to claim 32, Fossey et al. does not disclose or suggest 
calculating either of a difference between a horizontal length and a vertical height of a light 
point defect, or a difference between two orthogonal horizontal lengths of a light point 
defect, as recited in this claim. Accordingly, for this additional reason claim 32 is not 
anticipated by or rendered obvious over Fossey et al. 

The remaining references cited by the Examiner do not resolve the above 
deficiencies of Fossey et al. Specifically, Isozaki pertains to obtaining the position 
("coordinate position") of foreign matter present on a semiconductor wafer, and Yamazaki 
et al. pertains to a method for performing a sensitivity correction according to reflectivity 
corresponding to a surface material of a semiconductor substrate so as to correct a size 
of detected foreign matter. Neither Isozaki nor Yamazaki is concerned with determining a 
shape of a defect or particle associated with a semiconductor substrate. 

Accordingly, because none of references cited by the Examiner pertain to 
determining a shape of an occurrence, i.e. a defect or a particle, associated with a 
semicx>nductorwafei^^ not result in the 

invention as recited in claims 21 and 32. Thus, claims 21-45 are allowable over the 
references cited by the Examiner, either taken alone or in combination. 
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In view of the above amendments and remarks, it is respectfully submitted that the 
present application is in condition for allowance and an early Notice of Allowance is 
earnestly solicited. 

If after reviewing this Amendment, the Examiner believes that any issues remain 
which must be resolved before the application can be passed to issue, the Examiner is 
invited to contact the Applicants' undersigned representative by telephone to resolve such 
issues. 



JMG/adb 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
March 12, 2003 



Respectfully submitted, 



Yoshio YANASE et al. 




/Joseph M. Gorski 
Registration No. 46,500 
Attorney for Applicants 
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METHOD FOR INSPECTING SEMICONDUCTOR WAFER SURFACE 

Technical Fi o l d 

The present invention relates to a method for inspecting a semiconductor wafer 
surface and, more particularly, to a method for inspecting a semiconductor wafer surface 
c ~~ J: "'iing to detect according to types^ defects , present -on and near a 
semi(^duc^r^j^|jirf^e, parades adtti^rent thereto and the like (hereinafter referred 
to as d e fect s -ete2r meludmg tho&c )^ wiiich affect tjitf electrical properties such as 
dielectric breakdown strength of LSIs and the like being manufactured using 
semiconductor wafers, so as to evaluate^He semiconductor wafer quality. 

Hitherto, extraneous substances such as part^le^jidherent a semiconductor 
wafer, and crystal defects on and nearpfe surface y ^hereeS^^ 
shallow pits and the like (hereinafter referred to as surface flaws etc., including those ) 
have been known as light point defects (LPDs) to be detected using a semiconductor 
wafer surface inspection apparatus. The extraneous substances amon g- them are 
observed in t>e shape of a convex on the semiconductor wafer surface. The crystal 
defects ]^ are observed mainly as a quadrangular-pyramidal pit or projection [(100) 
wafer], oiva triangular on hexagonal pit or projection [(111) wafer] on a mirror-finished 
wafer surface, while they- are observed mainly in jfce shape of a square or a square partly 
concave or convex [(100) wafer], or in Jrr6 shape of a triangle or a trian^^a^ly 
concave or convex [(111) wafer] on an epitaxial wafer surface. 

From thfe viewpoint of Jh£ evaluation of semiconductor wafer quality, it is 
desirable that the extraneous substances, crystal defects and surface flaws £fce£«ke»kl be 
strictly divided according to their types to be detected. However, in a conventional 
method for inspecting a semiconductor wafer surface, a wafer is scanned with a laser 
beam, a scattered light having a prescribed angle Jovrntg reflected from the wafer surfac^ 
is detected, and the result is compared with tb^ measurement results of standard 
particles having prescribed grain sizes previously obtained, whereby the number of 

of every size including all of the extraneous substances and crystal defects is 
obtained. 

In order to determine the types of extraneous substances and crystal defects -ete^ 
or surface flaws jlfc^ (hereinafter referred to as defects rfr^1nnlndin[].thQcc) in the above 
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method, Jht' possibility of separation by jb/' unevenness recognition based on {bt 
premise that grown-in defects are pit-shaped while particles are convex, for example, in 
the" separation of particles and grown-in defects (COPs) in a mirror-finished wafer was 
reported. However, since the unevenness recognition is actually imperfect, it has been 
evident that it is difficult to separate particles from grown-in defects (COPs). In addition, 
it has been evident that all of jhe'grown-in defects are not concave. 

There are many types of crystal defects in an epitaxial wafer such as stacking 
faults (SFs), mounds, and dislocations (hereinafter referred to as epi defects), and some 
of the epidefects have concave shapes^some ihaye convex shapes, and others haveboth 
ccMieaY^JIjidj^ Therefore, smcej^seplira^^ 

wherein jbe~separation is conducted depending on tj*e" concave and convex shapesjsJow, 
and all of the epi defects are not concave, it hasbe^yjljysically impossible to separate 
the epi defects from particles! ^y ^^^ ^^^^t^ 

yg& ^termination of the types of - die defects efer is possible usmg an atomic force 
microscope (AFMjiora sc^u^g electron microscope on a research level. However, in 
order to observe using these microscopes, "Jfc^ coordinate positions 

where^^S^S exist must be detected first on a wafer surface havmg.ajK 



enormously large area compared with tho dofootc ^, Trrerdetecting activity is very, 
and thentire points where me^efee^pttf: exist must be brought into focus of the AFM 
Sf ^ N Sth^^ X These^activities cost vast labor and time, and forAermor^ere^^s v,yC 
possibility that quality of J tire product might be lowered^though tfr$y are not 
destructive inopootion . As a result, it has been actually impossible to conduct JbC 
inspection usmgapmicrascope of this type on every product. Therefore, a visual 
distinction toeSo^m inspector (a method wherein a high-intensity spotlight is 
irradiated in a darkroom and scatterers are detected by a visual check) has been actually 

adopted. oct vvwie (^s&UftttfK^V 

^fe^efeet size measured using only one lifhrocproTa laser surface mspection 

apparatus is a standard particle «»^^^^^ ^W^tej _ 
actual size depending on ^shapes o^d^s^Accordmgly, ^problemC^ 
4eft-from jHS viewpouitof reliability ia-the "distinction of^Jre" types of the defects ete* 
based on 4heoi&feBt size. Nof OT?y does the methodjwherein particles and defects are 
separated by judging whether Ihe shaped concave or convex, have a low reliability, but 
also it cannot be implied, at all to Jlre^wafers wherein convex defects exist. In the visual 
distinction me^^byan inspector, J*€ distinction capacity greatly depends on the 
inspectors competence for the task, which is not stable, and it is difficult to respond to 
higher-level requirements in a future wafer inspection. Furthermore, as wafers have 
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larger diameters, tb/possibiUtvthat defects}*^ escaped attention becomes larger. In 
the visual distinction metffi^a* inspector, ^abUity of the inspector must be 
estimated first, leading to increases in the pCp numberand cost? 

DiMclo3ure--of Invention 
The present invention was developed in order to solve the above problems, and it 
is an object to provide a method for inspecting a semiconductor. wafer surface, wherein 
particles adherent to a semiconductor wafer surface and, for example, surface flaws p< 
in a mirror-finished wafer which exist near the semiconductor wafer surface, or 
grown-in defects^ in t>£ bulk near the surface can be separated to be detected, or 
adherent particles and defects^such as SFs, mounds, anddislocations in an epitaxia^ 
wafer can be accurately divided according to th* types^ithouffcing influenced by the 

inspector's ability at-a-iuw tu&t. C«v\ 

In order to achieve the above object.^method for inspecting a semiconductor 
wafer surface"^<according to the present invention is characterized by a wafer being 
scanned with a laser beam^scattered or reflected light from ^wafer surface being 
detected by multiple light optics having different detecting angles^o anincident light, <<*!>o«^ 
and t^deS'bSng classified into some characteristics based on th€ ratio of^tlre 
detected light intensities from the multiple light optics. 

In the above method for inspecting a semiconductor wafer surfacejjj^ since a 
wafer is scanned with a laser beam.yscattered or reflected light from Aewafer surface ^ 
is detected by multiple light optics having different detecting angles^) an incident light, 
and toitfe^classified into some character^icsba^on the ratio^of the detected 
light intensities from the multiple light optics?^ c'an be utilized W there is a wide 
difference in ^detected defect sizes b^een a tow-angle light optic and a high-angle 
light optic depending on tbtTtypes of the ^^^^ iieTe{oTe ' U becomes P ossible to 
quite accurately determine {be^ypes of the 4efeet«>< Since determination is not^ 
conducted by an inspector, th€"inspection can be automated. Without depending on Jfce 
inspector's abilit^^ctn^f stable and it is possible to deal with higher-level 
requirements in a future wafer inspection and^afers having larger diameters. Moreover, 
it is unnecessary to r estimate5& inspector beforehand, leading to substantial reductions 
in the mspee*ion-step number^and cost* 

T^me&od for inspecting a semiconductor wafer surface according to the 
present'invention is characterized by a wafer being scanned with a laser beam^a- . 
scattered or reflected light ftom^he wafer surface be^detected by multiple light optics 
having different detecting angles^o. an incident Ught^Sfferencetetwe^^ 
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length and a vertical height or between a horizontal length and a horizontal length 
^^^bT«Zfi5^t Point Defect) present on the wafer surface* 



crossing ai ngni angic* ui v^s"-- *~ — ' r a. -v 

being calculated from a difference in thC standard particle conversion sizes basedon t^^ 
ratio of Jh€ detected light intensities from the multiple light optics, and tj^form^ahd 
types or%2feete^present on the wafer surface^ong^etenruned. 

In the abovl^effiod for inspecting a semiconductor wafer surface^ since a 
wafer is scanned with a laser beam.^cattered or rettected Ughtfromthe wafer surface _^ 
is detected by multiple light optics having different detecti*gang\es £ an gent ^ < T 
a difference between a horizontal -lengih-and a^vertical-Me^Urilfeelween-Xtonzontal 
length^aad- ^h u ik u iiml l u ngth cro c cino ^t right nn C W ofTLPD (Light Point Defect) 
present on and near the wafer surfaces calculated from a difference in the standard 
particle conversion sizes based on the ratio^f the detected light intensities from the 
multiple light optics, and the form^afJa^es of defects-^ present on the wafer 
surface are determined, it is possible to distinctly separate the defects £t*^ from 
extraneous substances. Furthermore, it becomes possible to quite accurately determine 
the types of the defects ><• Since ^determination is not conducted by anjr^ecto^^ 
th€ inspection can be automated. Without depending on $6 inspector's abmty^canbe 
stable and it is possible to deal with higher-level requirements in a future wafer 
inspection an&fert^aving larger diameters. Moreover, it is unnecessary to estimate _ 
Sfe inspector beforehand, leading to substantial reductions in the iaspeetwrrttep number * 

vK and cost? \ 

Tmethod for inspecting a semiconductor wafer .surface^ according to the 
present ^vention is characterized by using a laser surface inspection apparatus, 
comprising,, at least two Jight optics to one incidence's a laser surface inspection 
apparatus We^e^for inspecting a semiconductor wafer surface (frvrfft. 

When at least two light optics, a low-angle light optic and a high-angle light optic, ^ 
to an incident light are, included as ^ light-detecting system of the laser surface 
inspection apparatus, tht^ov^itSodsfor inspecting a semiconductor wafer surface 
e^-eH^can be performed. By using $ laser surface inspection apparatus comprising 
two light op\A$toone incidence as a laser surface inspection apparatus, ;he inspection 

cos^can be held down. 

^efcd for inspecting a semiconductor wafer surface ^according to the 
present A invention is characterized I by the s^niconductor wafer being an epitaxial 
semiconductor wafer in any Me^odWinspecting a semiconductor wafer 
surface £tH^- 

By the methodSfor inspecting a semiconductor wafer surface according to the 
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present invention, it is possibleto accu^elv detennine types of defeete^. present 
on the wafer surface. Therefort^can 6e apphed even to an epitaxial^mconductor 
wafer.which has many types oStefe^j&k and^ a small number of defeets. 

¥n^thod for inspecting a semiconductor wafer ^&°§^™^^^ 
present invention is characterized by determining jhe'forrn's^d iype S of-defeet*^ 
according to a combination of A, B and a numerical value giyenjoy A/B, where th<< 
detected Ught intensity of^LPD (Light Point Defect) detected^ a high-angle light 
optic, or $6 standard particle conversion size thereof,is A, while detected Ught 
intensity of the LPD detected^ ^ ^We Jlight optic^or tj*f standard particle 
conversion size thereof^ B, in any o^e / nMsV inspecting a semiconductor wafer 

surface (1) (1). JV-fSW W 
Using the aboVe method for inspecting a semiconductor wafer surface^, 
particles adherent to a semiconductor wafer surface, or defects^, such as SFs, mounds, 
and dislocations present near the semiconductor wafer surface can be accurately 
classifiecLso that^ semiconductor wafer quality can be accurately evaluated. 

S $$ethod for inspecting a semiconductor wafer ^ff^ aCCOr ^^e<$ri> 
present invention is characterized by determirung^form's^afid^es of defeets 
based on Table-l, where Jhf standard particle conversion size of /LPD (Ught Point 
Defect) detectefelthiglhangle Ught optic is A, while^le standard ^1^0^^^ 
size of the LPD detected}^ low-angle Ught optic is B, in any of tfi^methoas For 



inspecting a semiconductor wafer surface fl>(4). 

Table 1 , 


Relations between A and B or ranges 


Actual -for ms \*s£?y 


A^BX 1.13 


Stacking Fault 


A<BX 1. 13 


Non-epi-layer originated extraneous 
substance (adherent particle) 


B < 9 0 n m and A > 1 0 7 n m 


Micro-crystallographic-defect 
(hillock, shadow, dislocation) 


B>16 0nm and A<10 7nm 


Abnormal growth (large-pit, projection) 


Others 


Abnormal product 



Using the above^method for inspecting a semicbnductor wafer surface^, 
particles adherent to a semiconductor wafer surface, or defects^ such as SFs, mounds, 
and dislocations present near the semiconductor wafer surface can be accurately 
classified, so that ^semiconductor wafer quaUty can be accurately evaluated. 

S A method for inspecting a semiconductor wafer surface ^according to the 
. A 'v 
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present invention is characterized by the s^ic^nductor wafer being a mirror-finished 
semiconductor wafer in any oTtKe^Os^rmspecting a semiconductor wafer 

SUrfE By^mVthSdSfor^ Inspecting a semiconductor wafer surface according to the 
present mver^on?^SScf present on the wafer surface, and surface flaws ^ and 
grown-in defects in J^bulk near the surface can be accurately separated. Therefore, 
Seycan'be aTOhed even to a mirror-polished semiconductor wafer. 

™k mttlSa for inspecting a semiconductor wafer ( surface < gr iccori^^^ 
present invention is characterized by detenmnmg^form^anS types of rirfeets^. 
according to a combination of A, B and a numerical value given bjr A/B, where^ 
detected light intensity of^LPD (Light Point Defect) detected jrf a high-angle light 
optic.or JH£ standard particle inversion size thereof^is A, while ^detected light 
intensity of the LPD detected*^ Jow-angle Ught optic^or JkfS standard particle 
conversion size thereof } is B, in ^method for inspecting a semiconductor wafer surface 

^ Using the above^method for inspecting a semiconductor wafer surface^gf 
particles adherent to a semiconductor wafer surface or COPs, and surface flawsX and 
grown-in defects >t<. present in>£ bulk near the semiconductor wafer surface can be 
accurately classified, so that }a€ semiconductor wafer quality can be accurately 



evaluated^ 

A niethod 



present invention • 

based on Tabled, where ^standard particle conversion size of ^LPD (Ught Point 
Defect) detected^ a high^angle Ught optic is A, while JhT standa^part^ej^rs^n J 
size of the LPD detected^ a low-angle Ught optic is B, in any of th e/ methods for 
inspecting a semiconductor wafer surface (1) (3) and (7). 



T-nKlpi 7 : . 


Relations between A and B or ranges 


ActuaHoMas -^geS 


A^BX 1.13 or 


Scratch, flaw, and shallow pit 


B< 9 0 nm and A> 10 7 nm 




A<BX 1.13 


Adherent particle or COP 


B£8 5nm and A< 1 0 7 nm 


Grown-in defect in bulk near surface 



Using the above A method for inspecting a semiconductor wafer surface J&J, 
particles adherent to a semiconductor wafer surface or COPs, and surface flaws ^ and 
grown-in defects ^present in$s$ bulk near the semiconductor wafer surface cah be 
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accurately classified, so that semiconductor wafer quality can be accurately 
evaluated. 

eru^^l PT\on oF The VfcMJsVSs- 
BiieT Description of D rawings 
Fig 1 is a diagram showing j& results of classification of actual forms of 
LPDs detected m S^bodimentXaccording to the present invention after confirmed 

using an AFM; > 

Fig. 2 is a microphotograph showing an example of factual forms of,tKe LPDs 
detected in tfeeSbodiment^ which were confirmed using the AFM; 

Fig. 3 isa microphotograph showing an example of Jfaf actual forms of JhffLPDs 
detected in trie^Sbodimentyf, which were confirmed using the AFM; 

Fig. 4is a microphotograph showing an example of t^T ictual forms of JheLPDs 
detected in tfembodiment,!'; which were confirmed using the AFM; 

Fig. 5 is a microphotograph showing an example of JfeT actual forms ofjhCLPDs 
>d infr^e^ibodimen^ which were confirmed using the AFM; 



detected 

Fig 
detected 



m incxuiuuuiuiwijfi, ""* v " F ~ 

g. 6 is a microphotograph showing an example of^actual forms of LPDs 
cu m the^mbodimenvr, which were confirmed using the AFM; 
Fig 7 is A a microphotograph showing an example oftbtf actual forms ofjhe LPDs 



detected in 

Fig. 8 
detected in the^u 

Fig. 
detected : 



^ ..hbodiment/; which were confirmed using the AFM 
I is a microphotograph showing an example of factual forms of)& LPDs 
:a in tfe embodiment/ - which were confirmed using the AFM; 
Fig. 9 if a microphotograph showing an example ofifaT actual forms of p€ LPDs 
ted in ttolbodiment^ which were confirmed using the AFM; 
Fig. 10 is a microphotograph showing an example of^Tactual forms of thifLPDs 
detected in j^emfodiment /which were confirmed using W kFM;-and» 

Fig. II is a microphotograph showing an example ofJbTactual forms ofjhe LPDs 
detected in &1 em4diment/T which were confirmed using the AFM. 

Be&t-Mu di lui Cailj / iiuj O iH' tllB Iiivuitiuu 
The preferred embodiments of % method for inspecting a semiconductor wafer 
surface according to the present invention are described below by. reference to the 

Figures of theBrawings. 

In a method for inspecting a semiconductor wafer surface according to an 
embodiment, using, for example, a laser surface inspection apparatus having twojight 
op^ttS one incidence. LPDs are detected^ the two light optics.^low-angle^and 
c, high^le^espeet^ely. A list of tj* coordinates of the LPDs obtamed^ach 



light optic, detected light intensity or standard particle conversion size data thereof, and 
(high-angle detected light intensity or standard particle conversion size / low-angle 
detected light intensity or standardparticle conversion size) is prepared. 

The LPDs detected only # the high-angle light optic, the LPDs detected only jn 
the low-angle light optic, and the LPDs having various values of (high-angle detected 
light intensity or standard particle conversion size / low-angle detected light intensity or 
standard particle conversion size) are selected and p£ actual forms thereof are actually 

observed using an AFM or $|J&gC^y^^ 

On the basis of the ac^S^^e^Ds observed using the AFM or the like, 
th/ characteristics ^ ^ffi^Tare 5 grasped according to their types from^ 
'comparison between ^detected light intensities or standard particle conversion sizes 
deterted wSdh of the low-angle and high-angle light optics. As a result^for example, 
tb/relationships between the standard particle conversion sizes detected^ each of the 
low-angle and high-angle light optics and jirf types of defects in an epitaxial wafer and 
in a mirror-finished wafer could be classified and arranged as shown in Tables 1 and 2, 



respectively. 




Table 1 




Relations between A and B or ranges 


Actual fewns- \^s^> 


A&BX 1.13 


Stacking Fault 


A<BX 1.13 


Non-epi-layer originated extraneous 
substance (adherent particle) 


B<9 0nm and A>10 7nm 


Micro-crystallographic-defect 
(hillock, shadow, dislocation) 


B>16 0nm and A<10 7nm 


Abnormal growth (large-pit, projection) 


Others 


Abnormal product 



Relations between A and B or ranges 


Actual for ms- -^\>^eS 


A^B X 1 . 1 3 or 
BOOnm and A>10 7nm 


Scratch, flaw, and shallow pit 


A<BX 1. 1 3 


Adherent particle or COP 


B5 8 5nm and A<10 7nm 


Grown-in defect in bulk near surface 



Here, A represents the standard particle conversion size of* LPD detected^ the 
high-anele light optic, while B represents the standard particle conversion size of^FD 



detected the low-angle light optic. 



8 



a 

However, $d angles of the light optics are different depending on pie used laser 
surface inspection apparatus, and each laser surface inspection apparatus has its own 
minimum and maximum limits of measurement. Therefore, there is a po^bilitydjt the 
values of A, B, and A/B used for defect distinction might vary accordmg^aser surface^ 
inspection apparatus. In addition, in the case of an epitaxial wafer, defect size 
depends on tb/ thickness of ^1 epitaxial film (in the case of a (100) wafer, jhe SF 
length is about 1.4 times the epitaxial film thickness), so mat there is a possibility that 
the values of A, B, and A/B might vary when the epitaxial film thickness varies. 

By a conventional method, in the case of an epitaxial wafer, the number of LPDs 

of every size^Sne light optic^including all ofjjrf extraneous substances and epi defects 
detected using a laser surface inspection apparatus^ be obtamedr while in the case of 
a mirror-polished wafer, the number of LPDs of every size jAone light optiCjincluding 
aU/jf-the^xtngeous substances and grown-in defects detected using a laser surface 
ins^^SSs.can be obtained. However, it is impossible to divide and detect 
^Snffet^efls shown in Table* or 2. 
rfTde^ffi Measured using only one light optic of a laser surface inspection 
. apparatus is a standard particle conversion size , which may be very different from an , 
actual size depending on th€ shapes of theddfec^. Accordingly, ^he^a^roblem f <-«*0 
UMTfrom the viewpoint of re habmt^^distm?tion of ^Ttypes of the defects^ 
based on to Assize. In $ visual distinction method by an inspector,^ distinction 
capacity greatly depends on the inspector's competence for the task, which is not stable, 
and it is difficult to respond to higher-level retirements in a< fiiture wafer inspection. 
Furthermore, as wafers have larger diameters, possibility that Arfeete^. escape his 
attention becomes larger. In the visual distinction ^odl^^t^c ability of 
the inspector must be estimated first, leading to increases in &e^stefH«fflf& and cost* 

In the method for inspecting a semiconductor wafer surface according to the 
embodiment, on the basis of t>Tcoordinate data of the LPDs detected using the laser 
surface inspection apparatus, the LPDs detected only in the high-angle light optic, the 
LPDs detected only in the low-angle light optic, and the LPDs having various values of 
(high-angle detected light intensity or standard particle conversion size / low-angle 
detected light intensity or standard particle conversion size) are selected. On the basis of 
• the results of the actual forms thereof actually observed using an AFM, the LPDs are 
classified and arranged to prepare Tables 1 and 2. Once^ Table 1 c^s prepared, 
only the- organization of the standard particle conversion sizes detecteT^each of the 
low-angle and high-angle light opticsyising the laser surface inspection apparatus^ 
according to the classification shown in Table 1 or 2 is needed to divide easily and 
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accurately tne'extraneous substances and defects^or surface flaws^according to 
their types. 

Since the distinction is not conducted by an inspector, the inspection can be 
automated, so that it can be stably conducted without depending on the inspector's 
ability. It is also possible to deal with higher-level requirements in a future wafer 
inspection >a nd wafers having larger diameters. Moreover, it is unnecessary^o vVf^ 
the inspector beforehand, leading to substantial reductions in the i nf e ction c te p nuinbe^ 
and cost? 

In the method for inspecting a semiconductor wafer surface according to the 
embodiment, the-caw whcro -tfae laser surface inspection apparatus having two light 
opt^towie incidence is used as- fl lase r surface inopoc tie n - ap p arat u s i g- de a erib e d , but 
the lfier surface inspection apparatus is nol limited. l u Qm lacor curfaco inqmnt io n 
app aratus having tw n-li cht o ptio o- to on e i ncid e nce , jn another embodiment, a laser 
surface inspection apparatus having two light opljc^o two incidences^ a laser surface 
inspection apparatus. having three light opticsfjb one incidence^can be used. 



When the laser surface inspection apparatus has at least two light optics having 
different detecting angles^toan^ incident lights a light-detecting system thereof, it is 
possible to conduct % method for injecting a semiconductor wafer surface according 
to the present invention. And,using the laser surface inspection apparatus having two 
light optiftWie incidence n - n h-rr Tiirfiroo inopeorio nitp p ara to s, tfae'inspection costs 



A 

can be held down 



By the method for inspecting a semiconductor wafer surface according to the 
embodiment, iKtyP" oT2$8*nK present on a wafer surface can be accurately 
determined, so that the method can be applied not only to $& detection of surface flaws 
of a mirror-polished semiconductor wafer sliced offtomaringe crystal, but also to an 
epitaxial semiconductor wafer having many types of 4efeete^.and a small number of 
° at/M ffi&3»BeQuality evaluation of both ^epitaxial semiconductor wafer having many 
types ofdSffi^ and the mirror-polished wafer can be accurately conducted. 

-£xamples-and-eomparative-Examples. 
Examples of the method for inspecting a semiconductor wafer surface according 
to the present invention are described below. 
Example 1 

Used laser surface inspection apparatus: SP-1 (produced^JENCOR) 

Two light optics to one incidence 
A 

Used sample: 200 mm epitaxial silicon wafer 
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Wafer crystal plane (100) 
Epitaxial film thickness 6/im 
jpfie LPDs of the sample epitaxial silicon wafer were detected using the above 
laser surface inspection apparatus. 

JPf&5kta of ^^coordinates and standard particle conversion sizes of the LPDs 
obtainecfjrt'each of the two light optics were organized, and^Ke actual fonjis of ^tte ^ 
LPDs were presumed based on ^^classification shown in Table 1 and Fig. 1. Parrarae 
results of tja€ data processing shown in Table 3 . 
Table 3 i> ■ • 



Detection results by laser surface inspection apparatus 


A r M 


Ixc all lib 


Low-angle 
light-receiving 
channel (nm) 


High-angle 
light-receiving 
channel (nm) 


Presumption 


Below detection 
limit 


115 


Micro-crystallographic- 
defect 
(dislocation, shadow) 


Length 10 y. m • 
height 3 nm (Fig. 2) 


O 


Below detection 
limit 


■ 160 


Micro-ciystallographic- 
defect 
(hillock) 


Diameter 1 /x mX 
height 20 nm (Fig. 3) 


o 


95 


127 


SF 


SF(Fig.4) 


o 


108 


136 


SF 


SF(Fig.5) 


o 


106 


136 


S F 


SF 


o 


107 


135 


SF 


SF 


o 


107 


134 


SF 


SF 


o 


149 


150 


Adherent particle 


Adherent particle 
(Fig. 6) 


o 


104 


111 


Adherent particle 


Adherent particle 


o 


90 


118 


S F 


SF 


o 


Above 
detection limit 


Above 
detection limit 


Mound 


Mound • abnormal 
growth(Fig. 7) 


o 



Then, on the basis of the coordinate data of the obtained LPDs, p£ actual forms 
of the LPDs detected using the laser surface inspection apparatus were actually 
confirmed using an AFM, and whether the classification based on Table 1 and Fig. 1 
was correct or wrong was judged. The results are also shown together in Table 3. 

In Figs. 2-9, typical examples of microphotographs of the f acj^a^^^^o.f^the 
LPDs confirmed using the AFM are shown. In Table 3, in order to clari^To wbieh .the 
LPDs shown in Figs. 2-7 «emrsptmd, the Figure numbers are included in the AFM 
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column. The LPD shown in Fig. 8 is an example o£LPI}< which should be classified as 
the division (B > 160 nm and A < 107 nm) in Table 1, while the LPD shown in Fig. 9 is 
an example o^PDX which should be classified as the division (Others) in Table 1. 

In the method aqcordingtoahe Example, the LPDs could be accurately classified 
according to their fonfcs^wa^p^babUity of at least 90 % ©wae» by a simple method 
using a laser surface inspection apparatus. 

Comparative Example 1 

Used laser surface inspection apparatus: SFS6220 (prodded by TENCOR) 

One light optic^to one incidence 
Used sample: 200 mm epitaxial silicon wafer 
Wafer crystal plane (100) 
Epitaxial film thickness 2.1 /x m 
JtifuPDs of the sample epitaxial silicon wafer were detected using the above 
laser surface inspection apparatus. 

Ad Comparativc-Exmtpter"fee Ossification based on standard particle 
conversion size data of the LPDs using the laser surface inspection appaiatus^and Jh£ 
classification by method wherein a high-intensity spotlight is irradiated in a 
darkroom and scatterers are detected by a visual check^were conducted. ;Hl£/tctual 
forms of Jlx!"* detected LPDs were confirmed using an AFMj and whether the 
classification was correct or wrong was judged. The results are shown in Table 4. 



Laser surface inspection 
apparatus 


Visual check 


AFM 


0.1nm> 10 LPDs 


None 


10 SFs (3 \i m-side square, L-shaped, 
U-shaped and linear) 


0.1— 0.3pm 5 LPDs 


3SFs 


2 SFs (3 ii m-side square), 
1 pit of diameters 3 .0 \i m X 0.2 \i m, 
1 abnormal crystal growth, and 
1 adherent particle 


0.3nm< 3 LPDs 


3 extraneous 
substances 


2 non-epi-layer originated extraneous 
substances and 1 mound 



As is obvious from the results shown in Table 4, in the classification by a visual 
check, ^e detecting rate of LDPs as a precondition reached only 30 % (6 LPDs / 18 
LPDs), which made clear that there was a problem before classification. And^among the 
detected LPDs, only 50 % or so could divided correctly. Thus, it was confirmed Aat^ 
in the visual distinction by an inspector/^ distinction was unstable, that it was difficult 
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to deal with higher-level requirement? to a faturewafer inspection, and that ^ 
probability that th€ defects ^may es^jSMSSon might become larger as wafers 
have larger diameters. 
Example 2 

Used laser surface inspection apparatus: SP-1 (produced by TENCOR) 

TWo light optics to one incidence 
Used sample: 200 mm mirror-polished CZ silicon wafer 

Wafer crystal plane (100) 
JhdlPDs of the sample mirror-polished CZ silicon wafer were detected using the 
above laser surface inspection apparatus. 

JFtfS Eba of^coordinates and standard particle conversion sizes of the LPDs 
obtained in each of the two light optics were organized, and ^&j^^ f the 
LPDs were presume^ased ontjtff classification shown in Table 2.iferf*#«e results of 
jtfedata processing shown in Table 5. 
Table 5 



Detection results by laser surface inspection 
apparatus 



Low-angle 
light-receiving 
channel (nm) 



Below detection 
limit 



Below detection 
limit 



98 



110 



86 



91 



88 



132 



104 



High-angle 
light-receiving 
channel (nm) 



112 



115 



142 



149 



132 



Below detection 
limit 



Below detection 
limit 



Presumption 



Scratch or s-pit 



Scratch or s-pit 



Scratch or s-pit 



Scratch or s-pit 



Scratch or s-pit 



Grown-in defect 
in bulk 



Grown-in defect 
in bulk 



AFM 



Scratch of length 
3 n m (Fig. 10) 



Scratch 



s-pit (Fig. 11) 



s-pit 



Scratch, 



No unevenness 
observed 



133 



109 



Adherent 
particle 



Adherent 
particle 



No unevenness 
observed 



Adherent particle 



Adherent particle 



Results 



O 



O 



O 



O 



O 



O 



o 



. Then, on the basis of the coordinate data of the obtained LPDs, jfctf actual forms 
of the LPDs detected using the laser surface inspection apparatus were actually 



13 



confirmed using an AFM, and whether the classification based on Table 2 was correct or 
wrong was judged. The results are also shown together in Table 5. 

In Figs. 10 and 11, typical examples of microphotographs of ^(f^Jggf^ 
the LPDs confirmed using the AFM are shown. In Table 5, in order to clanr^o wbieh- 
the LPDs shown in Figs. 10 and 11 oorroopondi the Figure numbers are included in the 
AFM column. In the method accordingto the Example, the LPDs could be accurately 
classified according to their forrAs^wrS^a^robabiUty of at least 90 % emBBR by a 
simple method using a laser surface inspection apparatus. 

TV* i^^HA ^^^^ o-J ; 

This-can be utilized for dividin g) to detect according to tJnTtypes^efects present 

on and near a semiconductor wafer surface, adherent particles and the like, which affect 
jb^electrical properties such as dielectric breakdown strength of LSIs and the like 
manufactured using semiconductor wafers^so as to evaluate semiconductor wafer 
quality. 
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V 



ti,p pr^nt inv i n ti n n mr nihit-fi 4 : 1 tn | i« n p nntin« mnthnrl 

whereby particles adherent to a semiconductor wafer surface, and defects^Tsuch as 
SFs, mounds, and dislocations present near the ^semiconductor wafer surface can be 
accurately divided according to the^typesj^i&t being influenced by j£r inspector's 
ability.at a low cosfr whereuTfre wafer is scanned with a laser beam,,*' scattered or 
reflected light from the wafer surface is d 6160 ^^ 0 ^ 1 ^ 1 ^ 1 ^ 111 °P tics having different 
detecting angTes^n^uSforms and types of the defeets^eTpresent on the wafer surface 
are determined based on tj&ratio oHbe'detected light intensities from the multiple light 
optics. 



